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The popularity of the Monetary Approach to the Balance of Payments and
the Exchange Rate brought renewed interest in Purchasing Power Parity (PPP).
The essence of the Monetary Approach as advocated by Johnson (1976) and Frenkel
(1978) was to combine a simple theory of the demand for money with the
Purchasing Power Parity relationship in order to 'explain' movements in a
nation's Official Settlements Balance or exchange rate. Lately, the Monetary
Approach has come under attack because of large and persistent measured devia
tions from PPP, Daniel (1986) and Dornbusch (1980) view these deviations as
symptomatic of 'sticky' commodity prices; if commodity prices are sticky,
changes in the nominal exchange rate will induce changes in the real exchange
rate arid in deviations from PPP. Others attempt to explain the observed devia
tions within the context of a flexible-price framework; productivity changes,
as in Stockman (1987), or delivery lags, as in Magee (1978), can give rise to
optimal movements in a nation's real exchange rate. In spite of these
different views, there is a wide support for the following synthesis of Mussa's
(1979) 'stylized facts':
PPP performs best over long periods of time in which
there is high inflation, high rates of money growth,
and few supply shocks.
Dayutyan and Pippenger (1985), for example, argue that the so-called "collapse"
of PPP during the 1970's was due to an increase in the importance of real
shocks and a decrease in the importance of monetary shocks.
Both the U.S. greenback and gold-standard periods provide interesting
comparisons to the modern era. From the Civil War to 1879, the United States
experienced a long period of sustained deflation, relatively small changes in
2money growth, and extremely rapid Increases In real net national product*
Kuznets (1961) reports that net national product (In 1929 prices) rose from
$7,36 billion in 1869 to $14.52 billion in 1879; for the same period, the
implicit price index fell from 79.1 to 54.3 (1929 = 100). Friedman and
Schwartz (1963) found that the U.S. money supply (as measured by currency held
by the public plus commercial bank deposits) rose from $1314 million in 1867 to
a high of $1696 million in 1875 and then steadily fell to $1555 million by the
end of 1878. From interpreting the modem data, it would appear that these
conditions are least favorable to PPP. The major contrast with the 1970's Is
that prices decreased (as opposed to Increased) and supply shocks were positive
(not negative) during the greenback period.
The price level and money supply began to increase when, in 1879, the U.S.
resumed convertibility of dollars into gold. According to Friedman and
Schwartz (1963), the U.S. money supply was $1543 million in 1879, $3908 million
in 1890, $6034 million in 1900, and $13,140 million in 1910. Real growth
continued unabated; in spite of several business contractions, Kuznets (1961)
found that real net national product grew in excess of 3% per year from 1879 to
the beginning of World War I.
During this period, England also experienced rapid growth in real output.
However, British financial arrangements were quite different from those in the
United States. The period of British deflation and inflation did not coincide
with that of the U.S.; British prices generally declined between 1873 and 1896
and then generally increased until World War I. Moreover, the British pound
was firmly tied to gold in 1821. Thus, the dollar/pound exchange rate was
flexible' until dollar convertibility in 1879; thereafter, the exchange rate
was fixed within the gold points.
One aim of this paper is to examine the behavior of the real exchange rate
3between England and the U.S. during these two pre-World War I periods. It Is
shown that the relative version of PPP worked quite well during both the green
back and gold—standard periods. A second aim Is to determine how. If at all,
the deviations froin PPP were corrected. It Is shown that during the greenback
period, British prices and the dollar value of the pound (but not the dollar
value of U.S. prices) adjusted In response to any deviations from Purchasing
Power Parity. In the gold-standard period, both the U.S. and British price
levels responded to deviations from PPP.
!• The Greenback Era and the Gold Standard
To finance the Civil War, the Union government suspended the converti-
bility of dollars into gold and issued fiat money (greenbacks). Gold continued
to serve as money, but did not exchange for greenbacks at par; to the contrary,
the price of a gold-dollar in terms of greenbacks was quite volatile. For
example, the greenback price of a gold-dollar escalated from $1,025 in January
1862 to high of $2,581 in July 1864.
Since the British pound was fully convertible into gold at a fixed price,
the greenback price of a British pound's worth of gold can be viewed as the
exchange rate between U.S. dollars and pounds. Interpreting the discount on
gold as an exchange rate is appropriate even though gold, not greenbacks, was
used for financing international transactions. As documented in Friedman and
Schwartz (1963, p. 26):
For foreign payments, gold was equivalent to foreign
exchange since a number of countries maintained a gold
standard. ... Dealers as well as others having exten
sive foreign exchange transactions found it convenient
to maintain gold balances as-well as greenback
balances. To accommodate them. New York banks, and
perhaps others as well, had two types of deposit
accounts; the usual deposits payable in greenbacks or
their equivalent and special deposits pavable in
gold."
4There Is a strong analogy to the current monetary arrangements In nations
that finance International transactions using U*S* dollars while the market
value of the domestic currency fluctuates against the dollar* in the greenback
era, U.S. residents financed International transactions using gold (I.e.,
foreign exchange) while the greenback floated against gold. U.S. residents
maintained gold-dollar balances In the same way that foreign transactors
currently hold Eurodollar balances. Using modern terminology, the existence of
circulating gold and gold-backed balances within the U.S. implied a high degree
of currency substitution between greenbacks and British pounds.
Since neither government acted to stabilize the greenback price of gold,
the period from 1862 to 1878 can be viewed as one In which there was a flexible
exchange rate between the dollar and the pound. Expressed in terms of the
dollar, the pound rose from its pre-war parity level of $4.86 to about $12.23
in July 1864; thereafter, it generally declined until dollar convertibility was
restored in 1879.
Beginning in 1879, the United States joined Britain and the other nations
on the gold standard. It is clear that this significant change in the monetary
regime was widely anticipated; in fact, at the end of the Civil War, there was
near consensus that steps should be taken to restore convertibility at the
pre-war price of $4.86 per British pound. As early as April 1866, Congress
passed an act designed to lay the groundwork for this resumption of specie
payments. The Resumption Act of January, 1875 directed the Secretary of the
Treasury to use government revenues and to sell bonds for the purpose of
accumulating gold reserves. At the time, the greenback price of a gold-dollar
was $1,125; the Resumption Act required full convertibility on January 1, 1879
at the pre-war parity price. Between 1875 and the end of 1878, the U.S. money
supply declined from $1695 million to $1555 million and currency in the hands
5of the public declined from $544 million to $529 million* While the reduction
In the money supply was opposed by many, monetary contraction and deflation
were viewed as necessary steps to restoring convertibility.
2m Methodology; Unit Roots and the Real Exchange Rate
To understand- the methodology employed In testing the Purchasing Power
Parity relationship, consider equation (1) below. Note that equation (1) is
Intended to represent one of many equations embedded in a large macro-econo-
metric model of the international economy:
1) e(t) p*(t) - r p(t) « dl(t)
where: e(t) = dollar price of the pound in (t); p*(t) = U.K. price level in
(t); p(t) = U.S. price level in (t); dl(t) is a stochastic disturbance repre
senting a deviation from PPP; and r is a constant.
The naive view that PPP holds at each point in time implies that r = 1 and
that the dl(t) series is identically equal to zero. In the modern view, long-
run PPP can be said to hold when r = 1 and the dl(t) series is stationary with
mean zero. The rationale for writing e, p, and p* as left-hand-side variables
is to emphasize the fact that all three are jointly determined. Although the
early proponents of Purchasing Power Parity believed it to be a theory of
exchange rate determination, few practicing economists take this extreme
position. For equation (1) to be a theory of exchange rate determination, some
special conditions need to be satisfied. Specifically, if dl(t) is exogenous,
the macro-econometric model must be recursive in the sense that the remaining
equations determine p and p* independently of e; equation (1) can then be used
to determine the exchange rate.
Given that there Is no presumption as to which, if any, of the variables
in equation (1) are dependent, it is convenient to express the PPP relationship
6In terms of the *real' exchange rate;
2) e(t) p*(t)/p(t) = r + d2(t)
where: d2(t) Is a stochastic disturbance. For notational simplicity define
the real exchange rate at any point in time as: r(t) = e(t)p*(t)/p(t)«
Viewed in this way, r is the long-run value of the real exchange rate
while d2(t) is the deviation of the real rate from its long-run value* The
long-run version of Purchasing Power Parity implies that the estimated value of
r is not statistically different from unity and that d2(t) is stationary.
Notice that equation (2) can be estimated regardless of the exchange regime in
force; under the gold standard, e(t) = e(t-l) for all t.
a) Tests For Pnit Roots
Standard time-series techniques can be used to characterize the d2(t)
series and to provide an estimate of r. If, for example, d2(t) is ARIMA (n, 0,
0), the real exchange rate can be estimated by;
n
3) r(t) - Bf, + Z B. r(t-l) + El(t)
^ i-1 ^
where: el(t) is a serially uncorrelated stochastic disturbance with a mean
equal to zero.^
With this specification, purchasing power parity requires that the
estimated value of Bq/(1-SB^) = 1; and for all characteristic roots to lie
within the unit circle. The estimation strategy is to use standard Box-Jenkins
methods to identify the d2Ct) series in equation (2) and to estimate the real
exchange rate as an ARIMA model. Formal tests for statlonarlty can be
conducted using a Dickey-Fuller test.
The Dickey-Fuller test is based on re-writing equation (3) as:
n
r(t) = Bo + 01;^ r(t-l) + E a. [r(t+l-i) - r(t~l)]
i-2
nwhere: = - S
j=l
In the presence of a single unit root, will not be statistically
different from unity. However, under the null hypothesis that = 1, the
nonstatlonarlty means that the usual confidence Intervals surrounding the
critical t-statlstlc for = 1 are Inappropriate. To reject that null that
®i " Dickey and Fuller (1979, 1981) found that the t-statistlc for 1 -
must be greater than:
Significance
Obs. .01 • 05 .10
25 3.75 3.00 2.63
50 3.58 2.93 2.60
100 3.51 2.89 2.58
b) The Error Correcting Model
If the real exchange rate is stationary, it is possible to build an
error correcting model of the adjustment process along the lines suggested by
Engle and Granger (1987). The error correcting model makes it possible to
determine how, if at all, prices and/pr the exchange rate adjust to eliminate
any deviations from purchasing power parity. By definition, two time
serles--p(t) and e(t)p*(t)--are colntegrated of order (d,b) if:
1) p(t) and e(t)p*(t) are integrated of order d. Thus, both p(t) and
e(t)p*(t) must be differenced d times in order to obtain stationary
series.
11) there exists a scalar r (r ^ 0) such that the series e(t)p*(t)
- r p(t) Is integrated of order d-b.
To use a specific example, suppose that p(t) and e(t)p*(t) are colnte
grated of order (1,0) so that the first differences of p(t) and e(t)p*(t) are
stationary and there exists a scalar such that eCt)p*(t) - r p(t) is
8stationary. For convenience, rewrite equation (1), let s be a second scalar,
and let d3(t) be a stochastic disturbance* A linear representation of the
econometric model is:
1) e(t)p*(t) - r p(t) = dl(t)
5) e(t)p*(t) - s p(t) = d3(t)
so that the reduced form solutions for p(t) and e(t)p*(t) are:
6) e(t)p*(t) = [r d3(t) - s dl(t)]/[r-8]
7) p(t) = [d3(t) - dl(t)]/[r-s]
Notice that dl(t) must be stationary since, by assumption, p(t) and
e(t)p*(t) are cointegrated of order (1,0); the residual of equation (1) is
necessarily integrated of order zero. Given that p(t) and e(t)p*(t) are
integrated of order 1 and that the dl(t) series is stationary, equations (6)
and (7) require that the d3(t) series be integrated of order 1.
Engle and Granger (1987) demonstrate that if d3(t) is not stationary but
dl(t) is stationary, the ordinary least squares estimate of equation 1 yields a
consistent estimator of r. Moreover, the calculated residuals can be checked
for stationarity and provide a means of estimating an error correcting model.
To pursue the example, let the dl(t) series exhibit first-order serial
2
correlation. Since the first differences of d3(t) are stationary, the
disturbances can be written as:
8) dl(t) - 7Tdl(t-l) = e2(t)
9) d3(t) - d3(t-l) = e3(t)
where: e2(t) and e3(t) are uncorrelated white noise disturbances; and
0 < TT < 1.
Letting L denote the lag operator, equations (1) and (8) can be combined
to obtain:
10) (1 - ttL) e(t)p*(t) = r(l - irL) p(t) + e2(t)
9by adding and subtracting e(t)p*(t) and p(t-l):
11) (ItL) e(t)p*(t) = r(l-L) p(t) + r(l-iT) p(t-l) - (I-tt) e(t-l)p*(t) + e2(t)
Taking first differences of equation (5):
12) (1-L) e(t)p*(t) = s(l-L) p(t) + e3(t)
Finally, equations (11) and (12) can be simultaneously solved to
obtain:
^ •
13) (1-L) e(t)p*(t) = -s dl(t-l) +
(s-r) (s-r) (s-r)
14) (i_L) p((-) = - (i-TT) [e(t-l)p*(f-l) - r p(t-l)] + e2(t) - e3(t)
Cs-r)
^ _ (1-TT) dl(t-l) + g2(t) - e3(t)
(s-r)
Mathematically, equations (13) and (14) are identical to equations (6)
and (7); however, these latter two equations can be used to identify the error
correcting model using a two-step procedure:
i) Regress e(t)p*(t) on p(t) to get an estimate of r and the dl(t)
series* Engle and Granger (1987) argue that the estimated slope
coefficient Is a consistent estimator of r If dl(t) Is stationary
while d3(t) is not stationary (moreover, the regression of p(t) on
e(t)p*(t) yields a consistent estimator of 1/r). The residuals of
this 'equilibrium* regression can be checked for statlonarlty using
a Dickey—Fuller test; if p(t) and e(t)p*(t) are colntegrated, the
residuals must be stationary.
11) The residuals from the 'equilibrium' regression can be used as
instruments for the dl(t-l) series in equations (13) and (14).
If the estimated slope coefficient in equation (13) is negative, the
product of e(t) and p*(t) increases (decreases) when the real value
10
of the pound Is below (above) Its long-run value r* In the same way,
if the estimated slope coefficient in equation (14) is positive, the
U«S* price level increases (decreases) when the real value of the
pound is above (below) its long -mn value r*
3» The Real Exchange Rate in the Greenback and Gold-Standard Periods
This section compares the behavior of the real exchange rate in the
greenback (1862 - 1878) and gold standard (1879 - 1913) periods. To construct
the real exchange rate, the product of a U.K. price index and an exchange rate
3
index was divided by a U.S. price index. In the greenback period, the
exchange rate index is an index of the greenback price of a gold~dollar (which
is equivalent to an index of the greenback price of pounds). In the gold
standard period, the value of e(t) is necessarily a constant. The necessity of
using price indices, rather than actual price levels, means that it is possible
to test only the relative version of Purchasing Power Parity. The test that
0q/1-!]3^ = 1 is not meaningful. Relative purchasing power parity places no
restrictions on the mean level of the real exchange rate; only on the
stationarity of the real rates.
a) The ARIMA Tests for Unit Roots
Ordinary least squares estimation of equation (2) is not appropriate
since the disturbances are highly correlated and may not be stationary. In the
first step of the estimation procedure, standard Box-Jenkins techniques were
used to characterize the nature of the d2(t) series. In the Identification
Stage, the autocorrelation function for the greenback period rapidly converged
towards zero. The partial correlation function showed a significant spike at
lag one and a marginally significant spike at lag 2. The implication is that
the real exchange rate under the greenback period can be characterized by an
uAR(1) or an AR(2) process.
In the Estimation Stage, maximum-likelihood estimates of the AR(1) and
AR(2) processes were obtained. Given the marginally significant spike at lag 2
in the partial autocorrelation function, it is not surprising that diagnostic
tests provide mixed evidence as to whether the proper specification is an AR(1)
or an AR(2)« Using the AR(1) model, Chi-square (X^) tests for the null that
additional lags add no explanatory power must be rejected. When estimated as
•'' 2an AR(2), the X lag length tests imply that no additional lags need be
Included. -However, the AIC statistic suggests that AR(2) is superior to the
AR(1), while the SBG statistic suggests that the AR(1) is most appropriate.
As shown in Table 1, the results of the two models for the greenback
period are quite similar. The point estimate of the characteristic root of the
AR(1) model (0.7412) indicates convergence. The point estimate of the dominant
root of the AR(2) is 0.86291 which also implies convergence. Although these
results are supportive of Purchasing Power Parity, neither the AR(1) nor the
AR(2) pass the Dickey-Fuller test for stationarlty. Considering the AR(1)
specification, the point estimate of the speed of adjustment coefficient is
about 2.27 standard deviations from unity. With 34 observations, it is
possible to reject a unit root at the 10% level. As can be inferred from
Table 1, the case for stationarlty is even weaker with the AR(2) process.
The results for the gold—standard period are more supportive of Purchasing
Power Parity. In the Identification Stage, the autocorrelation function
converged rapidly towards zero and the partial correlation function showed a
single significant spike at lag one. Chi-square tests indicated that
additional lags of the real exchange rate were insignificant. The implication
is that the real exchange rate under the gold-standard can be characterized by
12
Table 1
The Real Pound in the Greenback and Gold Standard Periods
r(t) « + 6]^ r(t-l) + 62^^t-2)
$2 SEE^/SEE Xg X|2 AIC/SBC
1862-1878 .7412 .9508 .005575 .007 .002 -77.2/
(.1141) (.0454) .074668 -74.2
.5623 .2591 .9658 .0053605 .257 .189 -77.4/
(.1689) (.1708) (.0596) .073216 -72.8
1879-1913 .6023 .8507 .0018809 .539 .652 -238/
(70obs.) (.0959) (.0127) .043369 -233
an AR(1) process. Using the Dickey-Fuller test, it is possible to reject the
null hypothesis that the real exchange rate series contains a unit root. The
point estimate of the speed of adjustment coefficient (g^^ = 0.6023) is over
four standard deviations from unity. As can be seen from the critical values
above, with over 50 observations, it is possible to reject the null hypothesis
of a unit root at the 1% level. The point estimate of the long-run real
exchange rate (0.8507) is more than 11 standard deviations below unity.
Again this is simply because of the choice of the base year.^
b) The Error-Correcting Models
For both periods, the tests for cointegration and the estimated error
correcting models are very supportive of purchasing power parity. For each
period, the 'equilibrium' relationship was estimated in the form of
equation (1):
e(t)p*(t) = r p(t) + dl(t)
To check for stationarity, Engle and Granger (1987) recommend using two
forms of a Dickey-Fuller test. Specifically:
n
(1-L) dl(t) = iTdl(t-l) + Z (l-L)dl(t-i)
i«0
13
where: n = 0 or n = 4 and the dl(t-i) are the estimated residuals of
equation (1). If the estimated residuals are stationary, the estimated value
of TT will not be significantly different from zero. The results of these
estimations are presented in the table below; for all cases the estimated value
of IT is more than four standard deviations from unity.
Table 2
Dickey-Fuller Tests and the Error Correcting Model
No lagged changes
Estimated tt
Standard Error
t-test for TT = 0
Four lags
Estimated tt
Standard Error
t-test for TT a 0
Greenback
Era
-0.6111
(0.1341)
-4.558
-0.8158
(0.1745)
-4.569
Gold-Standard
Era
-0.4529
(0.1036)
-4.307
-0.7051
(0.1494)
-4.725
Consider the error correcting models estimated for the greenback
period:
(16) (1-L) e(t)p*(t) = -0.6674 - 0.5910 [e(t-l)p*(t-l) - r p(t-l)]
(3.4702) (0.2226)
(17) (1-L) p{t) = -3.4782 + 0.0217 [e(t-l)p*(t-l) - f p(t-l)]
(2.9151) (0.1870)
where: r is the estimated long-run value of the real exchange rate obtained
from the equilibrium regression.
The U.K. price level and/or the dollar price of the pound declined in
response to a positive deviation from Purchasing Power Parity, The point
estimate of the slope coefficient is such that approximately 60% of the
previous period's deviation from PPP was corrected within six months.
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Surprisingly, the U.S. price level in terms of greenbacks did not appear to be
responsive to deviations from Purchasing Power Parity; the point estimate of
the adjustment coefficient for the U.S. price level is well within a standard
deviation from zero.
To disentangle the adjustment between the exchange rate versus the U.K.
price level, the Engle and Granger procedure was repeated using the U.K. price
level and the U.S. price level divided by the dollar price of pounds. The
estimated error correcting models are:
18) (1-L) p*(t) - -1.3035 +0,2190 [p(t-l)/e(t-l) - (l7r) p*(t-l)]
(0.8739) (0.0873)
19) (1-L) p(t)/e(t) = 0.8625 - 0.3387 [p(t-l)/e(t-l) - (l?r) p*(t-l)]
(1.3120) (0.1311)
In response to a deviation from Purchasing Power Parity, England's price
level adjusted to eliminate almost 20% of the deviation and the U.S. price
level divided by the exchange rate eliminated almost 34% of the deviation
within a six-month period. Since the U.S. price level itself did not adjust,
the 34% movement can be accounted for by a change in the gold premium.
The situation is somewhat different for the gold standard period in that
both the U.S. and the U.K. price levels adjusted to deviations from PPP; both
adjustment coefficients are of the right sign and more than two standard
deviations from zero. The estimated error correcting models are:
20) (1-L) e(t)p*(t) = -0.1343 - 0.2472 [e(t-l)p*(t-l) - ?p(t-l)]
(0.2925) (0.0943)
21) (1-L) p(t) = -0.1786 + 0.3609 [e(t-l)p*(t-l) - r p(t-l)]
(0.5327) (0.1718)
where: e(t) was normalized to unity.
The point estimates of the slope coefficients show that almost 25% of any
given deviation from PPP was eliminated by a fall in the U.K. price level
15
(since e(t) = 1 for the gold-standard period) and that over 36% of the
deviation was eliminated by an increase in the U.S. price level within a
six-month period.
What is striking about these results is that the adjustment coefficients
are virtually identical over the two periods. In response to a one-unit
deviation from PPP, the British price level rose by 0,22 in the greenback
period and 0i247 In the gold-standard period,^ Although the U.S. price lievel
in terms of greenbacks did not adjust to deviations from PPP, this may not be
the appropriate measure of U.S. prices. Instead, the gold-dollar prices of
goods and services In the U.S. [i.e., p(t)/e(t)] might Be the appropriate price
index for a small open economy such as the U.S. prior to World War I. It was
the case that during the greenback period, U.S. residents held gold deposits
for making International transactions. The prices of U.S. goods and services
in terms of gold exhibited a similar adjustment pattern in each period. From
equation 18, U.S. prices measured in terms of gold changed by .33 of any given
deviation from PPP; in the gold standard period, U.S. prices adjusted by ,36 of
any given deviation for PPP.
Summary and Interpretation
The results of the ARIMA and co-integration tests of PPP prior to World
War I are generally supportive of the PPP hypothesis. It is most interesting
that PPP held during a period in which there was substantial amount of real
economic growth and, by current standards, limited money growth. Point
estimates for both periods Indicated that real exchange rates were convergent,
although the gold—standard period allows for convergence at greater
filgnlficance levels than the greenback period. The error-correcting models
indicated that both the gold-dollar prices of U.S. goods (in both the greenback
16
and gold—standard periods) and the U.K. price level adjusted in response to
deviations from Purchasing Power Parity. It is interesting that there appears
to be little difference in the adjustment parameters across exchange rate
regimes.
It might seem surprising that these results are more supportive of PPP for
the pre-World War I period than others have obtained from the 1970's and
1980 s. A priori reasoning suggests that improvements in transportation would
have reduced the importance of any deviations from the 'law of one price'.
Moreover, the relatively stable rates of money growth coupled with the rapid
industrialization of the pre-World War I period should be unfavorable to PPP;
in such an environment, permanent relative price movements could cause
permanent movements in the real exchange rate.
However, the results appear to be consistent with the perspective taken by
Adler and Lehmann (1983), and Darby (1980). These authors show that in an
efficient capital market, deviations from PPP must follow a random walk. If
covered interest rate parity holds, ex ante real interest rates are equalized
across nations, and all individuals have rational expectations, changes in the
real exchange rate must be a martingale.^ To the extent that the international
capital market has become more efficient, the deviations from Purchasing Power
Parity should exhibit a smaller degree of convergence in the modern period.
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Footnotes
*
Barry Falk and Harvey Lapan provided helpful suggestions. Any remaining
errors are my own*
^For simplicity, two different types of symbols are used to denote
different types of disturbances* The symbol e is used for disturbances which
are serially uncorrelated and identically distributed with mean equal to zero*
When the symbol d is used, no such presumption is made* Thus, d2(t) may be
ARIMA (n, 0, 0) while el(t) must be ARIMA. (0, 0, 0). Of course, the disturb
ances could be allowed to have moving average components; the empirical
estimates, however, did not detect such components.
2
The case of first-order serial correlation is used for illustration
purposes only* Most of the empirical tests, however, were consistent with an
AR(1) process*
3^
There are two well known price Indices for Britain; the Sauerbeck Index
f
and the Economist's "Index Number"* Unfortunately, the Sauerbeck Index is only
available annually. For the years 1857-1914, the Economist published a semi
annual commodity price index. As discussed in great detail in Friedman and
Schwartz (1963, pp. 63—64), the Economist's Index places excessively large
weights on certain commodities (particularly tobacco and cotton). Using
Sauerbeck's Index alone would not provide enough observations for time series
analysis while using the Economist's Index alone places too much weight on
certain commodities. The empirical analysis rests on a compromise between the
two indices. A semi-annual index was constructed by interpolating the annual
Sauerbeck values with the Economist's semi-annual values. Due to large swings
in particular commodity prices, this procedure gave rise to problems for the
mid-point values of the years 1865, 1869, and 1900. For these three years.
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mid-point values were obtained from the simple average of the annual prices.
The U.S. level is measured by the Warren-Pearson wholesale price index for the
months of June and December. Both indices were normalized such that 1879 =
100. To obtain the exchange rate index, the June and December values of
Mitchell s greenback price of a gold-dollar were normalized such that June
1879 = 1.00. A "Data Supplement" is available from the author.
4 Chow tests for structural equality of the two were conducted. Given the
standard errbrs of the estimates listed in Table 1, it is not possible to
reject the hypothesis of structural equality of the greenback and gold standard
periods. However, the standard errors are sufficiently different that using an
F-test, it is possible to reject the hypothesis that the two estimated
variances are identical.
The estimated intercept terms in all regressions are not statistically
different from zero.
Let the U.S. and U.K. nominal interest rates be i(t) and i*(t)
respectively, and Ej.[ ] be the conditional expectations operator. If
expected real interest rates are equalized across nations;
1 + i(t) _ E^[p*(tn)i
1 + i*(t) P*(t)E^[P(t+l)]
Covered interest rate arbitrage implies:
1 + i(t) ^ E^te(t+1)]
1 + i*(t) e(t)
Rational expectations implies that expected values differ from realized values
by only a white noise disturbance. Combining these assumptions leads to the
proposition that e(t+l)P*Ct+l)/P(t4.1) - e(t)P*(t)|P(t). or the change in the
real exchange rate, must be a martingale.
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Dat^ Supplenent Co "The Real Exchange Rate
Before World War 1"
Walter Enders
Year USWPI $/Gold
Economist
Index
Merged
UKWPI
1862 111 106.5 2878 121.7
145 132.3 3013 122.2
1863 148 144.5 3492 124.1
174 151.1 3421 123.5
1864 222 210.7 3787 126.5
261 227.5 3792 126.6
1865 187 140.1 3575 121.7
*** 216 146.2 3101 122.3
1866 202 148.7 3564 122.9
199 136.7 2922 120.0
1867 187 137.5 3024 120.5
182 134.8 2833 120.0
1868 186 140.1 2582 119.3
180 135.2 2826 122.8
1869 173 138.1 2666 118.1
*** 173 121.5 2677 116.9
1870 159 112.9 2689 115.7
151 110.7 2711 114.6
1871 149 112.4 2590 120.5
156 109.3 2640 122.7
1872 161 113.9 2835 131.3
160 112.2 3054 133.7
1873 155 116.5 2947 132.5
151 110 2914 125.4
1874 146 111.3 2891 120.5
142 111.7 2779 113.3
1875 138 117.7 2778 113.3
135 113.9 2692 111.7
1876 125 112.5 2711 112.0
133 107.9 2531 104.6
1877 125 105-4 2715 110.8
118 102.8 2625 107.5
1878 104 100.8 2^554 104.8
101 100.1 2457 103.4
1879 100 100 2225 100.0
120 100 2299 101.3
1880 114 100 2577 106.0
118 100 2479 104.3
1881 118 100 2376 102.4
126 100 2302 103.9
1882 131 100 2435 101.2
124 100 2442 101.4
1883 118 100 2349 98.8
114 100 2220 91.5
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Data Supplement to "The Real Exchange Rate
Before World War I"
Walter Enders
Year USWPI $/Gold
Economist
Index
Merged
UKWPI
1884 109 100 2221 91.6
102 100 2169 89.5
1885 98 100 2098 86.7
101 100 2048 84.3
1886 93 100 2023 83.1
96 100 2023 83.1
1887 99 100 2059 81.9
102 100 2116 82.7
1888 99 100 2239 84.3
102 100 2121 89.8
1889 94 100 2187 86.7
96 100 2161 86.7
1890 95 100 2236 86.7
98 100 2259 86.7
1891 96 100 2224 86.7
93 100 2190 84.9
1892 87 100 2133 81.9
94 100 2081 81.9
1893 92 100 2120 81.9
99 100 2105 79.5
1894 81 100 2082 75.9
81 100 1974 75.1
1895 87 100 1923 74.7
84 100 1931 74.6
1896 78 100 1999 73.5
82 100 1947 74.8
1897 78 100 1950 74.7
82 100 1885 77.3
1898 84 100 1890 77.1
84 100 1915 81.4
1899 88 100 1918 81.9
98 100 2028 86.0
1900 95 100 2145 90.4
iticic 94 100 2211 87.4
1901 93 100 2126 84.3
99 100 2007 83.5
1902 101 100 1948 83.1
106 100 1995 83.1
1903 101 100 2003 83.1
100 100 2111 83.8
1904 100 100 2197 84.3
105 100 2130 87.0
1905 102 100 2136 86.7
105 100 2163 87.5
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Data Sapplement to "The Real Exchange Rate
Before World War I**
Walter Enders
Economist Merged
Year USWPI $/Gold Index UKWPI
1906 106 100 2342 92.8
111 100 2362 93.2
1907 114 100 2499 96.4
108 100 2594 100.6
1908 107 100 2310 88.0
112 100 2190 89.2
1909 116 100 2197 89.2
124 100 2240 90.2
1910 122 100 2390 94.0
114 100 2362 93.4
1911 108 100 2503 96.4
112 100 2517 96.8
1912 119 100 2695 102.4
120 100 2730 102.4
1913 119 100 2669 102.4
119 100 2623
f
100.7
Notes:
All values are for June or December in the year Indicated*
USWPI ~ U.S. Wholesale Price Index*
$/gold = greenback price of a gold dollar.
Economist Index = Semi-Annual Price Index from the Economist.
UKWPI = Royal Statistical Association's Price Index merged with the Economist's
Seml-Annual Price Index. Semi-annual values are the Royal Statistical
Association's annual values Interpolated using the semi-annual values
in the Economist's Index number except for years with ***, In these
years, the Economist's Index exhibited large movements in particular
commodity price which was not representative of price movements in
general. For these years, simple Interpolation is used.
